Summary In a study of factors related to cervical carcinogenesis, a cohort of 1,107 cervical dysplasia along with 1,077 controls matched for age and parity were followed up prospectively. During the follow up 75 dysplasia cases progressed to carcinoma in situ. The overall rate of progression of dysplasia to malignancy was observed to be 15.7% at the end of 108 months of follow-up. The Dysplasia subjects and their husbands were contacted by a team of trained medical social workers and gynaecologists to educate them about the objectives of the study and to elicit their co-operation. All the subjects agreed to participate in the study.
The natural history of cervical cancer has been well established (IARC, 1986) . However, comparative information on the subject is lacking from developing countries. WHO, in a meeting held in 1986, recommended the generation of such information from developing countries. Earlier we communicated information on the natural history of cervical cancer of Indian women (Luthra et al., 1987) . This communication deals with the biological behaviour of precancerous lesions and the effect of certain sociodemographic and biological factors on the progression of dysplasia to carcinoma in situ. Although several studies are available from India, highlighting the risk factors for invasive cervical cancer (Jussawala et al., 1971; Wahi et al., 1972; Luthra et al., 1975) , this study is unique in the sense that it examines the effect of some factors on the progression of dysplasia prospectively as compared to dysplasia that did not progress to carcinoma in situ during the same period. Thus, it highlights the risk modifying effect of these factors on dysplasia.
Materials and methods
Screening and cohort formation Cervical smears were collected from squamo-columnar junction of cervix from 120,411 married women in the age group of 20-60 years attending the gynaecological outpatient department (OPDs) of the six major hospitals in the metropolitan city of Delhi, India, during the period 1976-87.
Clinical history and a brief information on other pparameters was obtained at this visit. The cytological examination of women with adequate smears (n = 117,411) revealed that 30,397 (25.9%), 84,889 (72.3%) , 1,910 (1.6%) and 215 (0.2%) were negative, inflammation, dysplasia and malignant cases, respectively. Those revealing dysplasia, and who were residents of Delhi for the past I year, were asked to undergo a second pap smear test on the fifteenth day. Thus 1,107 women who revealed dysplasia at the initial visit as well as at day 15 were registered in the cohort for long-term follow-up. Dysplasia subjects and their husbands were contacted by a team of trained medical social workers and gynaecologists to educate them about the objectives of the study and to elicit their co-operation. All the subjects agreed to participate in the study.
Base line information andfollow-up The details of subject selection and investigational procedure have been described earlier (Luthra et al., 1987 
Statistical analysis
The number of women exposed to the risk at different follow-up periods was calculated employing the life table technique after allowing for known causes of attrition, i.e. hysterectomy, progression to malignancy, death and permanent move from the city. The incidence of malignancy per 100 women years of follow-up was estimated. The estimate of cumulative rates of progression from dysplasia to malignancy was calculated using the actuarial survival method (Kaplan & Meier, 1958) . The differences in the progression rates between the two groups were tested employing log rank test (Mathews & Farewell, 1985) . The Cox proportional hazards regression model (Cox, 1972) was employed to quantify the relationship between progression to malignancy (considering the period of followup) and a set of risk factors (except HPV). Initially through the univariate analysis a set of regression coefficients/relative risks was estimated which related the effect of each risk factor for progression to malignancy. Further, in order to identify independent risk factors, multivariate stepwise methodology was employed. All the computations were carried out using an IBM PC with the BMDP package.
Since the investigations for detection of HPV was done on a case-control design, odds ratios were estimated. Women with severe dysplasia followed up beyond 42 months were few. The differences in cumulative progression rates between different grades of dysplasia were found to be statistically significant (P <0.05). (P<0.001) with a relative risk of 5.9 (95% CI = 2.5, 14.1).
Discussion
The combined use of cytology and colposcopic monitoring provides a good opportunity to study factors which influence/determine the ultimate behaviour of dysplasias. The study was designed to follow up registered cases of dysplasia without any intervention. However, 103 (9.3%) cases were dropped during follow-up as they underwent hysterectomies for reasons other than progression to cancer. The hysterectomy rate was 3.4 per 100 women years. The hysterectomy rate for severe dysplasia was 8.69 per 100 women year, and for moderate and mild dysplasia the rates were 4.47 and 2.73 for 100 women years respectively. Hysterectomy rates for the controls were 1.1 per 100 women years (i.e. 30 cases (2.8%)), which were significantly lower than the hysterectomy rates for the matched dysplasia. The reason for differential hysterectomy rates remains unknown. However, this is not likely to affect the cumulative risk of progression as it has been shown that women undergoing hysterectomies for nonmalignant conditions are probably at a lower risk of developing cancer of cervix than the general population (Miller, 1986) .
As expected, the important determinant of risk of progression to malignancy was found to be the initial grade/severity of the preneoplastic changes. The rate of progression of severe dysplasia (42.0%) was considerably higher than progression of initially moderate dysplasia (24.3%) and initially mild dysplasia (4.9%) to cancer. The time lead bias alone may not explain this difference as sufficient time (132 months) was given to observe the behaviour or progression pattern of initially mild and moderate dysplasias. This indicates that mild and moderate dysplasia possibly constitutes a more heterogeneous category of cellular abnormalities with a variable potential of progression compared to sever dysplasia.
Progression to malignancy was found to be influenced by age at consummation of marriage (ACM). Women with consummation of marriage under 18 years of age had a 2.8-fold higher progression than those with ACM over 18 years. This may be possibly due to sexual insult to the younger cervix. We feel that earlier ACM increases the susceptibility of the cervix to the further action of carcinogens (Brinton & Fraument, 1986; Luthra et al., 1987) . That young tissue is more susceptible for the development of cancer has been shown for other cancers, notably hepatoma due to hepatitis B virus infection during the perinatal period. For oral cancer it has also been shown that initiation of tobacco chewing during adolescence increases the risk of oral cancer by 10-fold (Wahi, 1968) .
It has been observed in Indian situations that Muslims have a lower incidence of cervical cancer than Hindus (Wahi et al., 1972; Jussawala et al., 1971) . In this study, however, Muslim women with a significantly earlier age of consummation of marriage did not show significantly higher progression rates than Hindus. On the contrary, their progression rates were much lower, although not statistically significantly (P>0.05). This could imply the presence of some protective factors operating in the Muslim women, such as better nutrition and genital hygiene. These factors, however, need to be evaluated in the Indian situation as malnutrition and poor genital hygiene are widely prevalent among Hindus, especially in the lower socio-economic class. A recent WHO report (WHO, 1986) considers genital hygiene to be an important factor in the Indian situation, especially when circumcision provides better penile hygiene.
Usage of family planning methods did not have any significant effect in modifying the progression rates to malignancy from dysplasia. It could be due to the fact that the large majority of subjects resorted to terminal methods of family planning, in both dysplasia and control groups.
In the present study women who revealed cervical erosion at the initial examination did not show a higher progression rate of malignancy than those without erosions. It has been shown earlier that diathermy coagulation of erosions leads to reduced risk of progression compared to no treatment (Vonka et al., 1984a) . In the present study, none of the erosions were treated. It could be that diathermy coagulation might have lowered the progression rates by destroying the transformation zone containing initiated cells. Thus erosion itself may not be an important risk factor for progression.
Three different analysis were made for studying HSV: (i) HSV I + II vs no antibody; (ii) HSV II vs HSV I + no antibody; (iii) HSV-II vs HSV-I. No significant increase in the progression rates was observed for dysplasia with any of the above combinations. Two prospective studies (Vonka et al., 1984b; Adam et al., 1985) employing a similar technology also failed to reveal any significant role of HSV in the process of cervical carcinogenesis.
At present the most seriously considered micro-organism is selective types of genital human papilloma virus (HPV). It has been reported that the risk of progression was considerably elevated in subjects with HPV infection (Howley, 1986) .
Our investigations on HPV were carried out on the retrospective material only, employing a case-control design. Investigations for HPV could not be undertaken on the entire cohort as the significance of HPV as a possible aetiological agent was only realised globally during the later part of our study. For non-progressive cases, the investigations for HPV were carried out on the biopsies collected at the termination of the cohort. In progressive cases, the biopsy specimen obtained at the diagnosis of CIS was used for detection of HPV DNA sequences. With all these limitations, we obtained a very high odds ratio of 5.9 associated with progressive cases.
The study revealed that the 'sojourn time' for various grades of dysplasia did not differ according to various risk factors. This is inconsistent with the findings of others (Hakama, 1986) .
In conclusion, the only risk modifiers identifiable in our study were initial grade of dysplasia, ACM (< 18 years) and the presence of HPV 16/18.
